The effect of iodine deficiency (ID) on thyroid function in African women during pregnancy and postnatal period was examined, for which very limited information is available. Serum T 4, T3, TSH, TBG, thyroxine binding capacity (TBK), free thyroxine index (FT41=T4/-rBK) and T4/TBG were determined by ELISA technique in 32 pregnant women (resident of Plateau state, Nigeria -an 113 zone) through pregnancy upto term delivery, and in 5 women up to 6 weeks post delivery. Urinary iodide level was measured at delivery to determine the degree of iodine deficiency. Results were matched with a non pregnant control comprising 44 subjects. 5555 birth weights (BW) of term babies in the region were analysed to determine the prevalence of 'small for dates' (SFD) babies in the population. Results show that the level of serum FT41 was elevated very significantly at late gestation (P<.001) but the women were not hyperthyroid, suggesting a marked disturbance in binding of T 4 with TBG during pregnancy. Five women with SFD babies were found in 'compensated hypothyroid state' and showed a significant depression (p<.01) in serum T4/TBG,T4,FT41 and T 3 levels to a low normal range, with a concurrent significant rise (p.<.001) in TSH level (above normal range) throughout pregnancy. Incidence of SFD babies was higher (p. <.001) in ID zone (Bassa 15.2%) compared to control zone(Jos 9.8%). It is concluded that a state of maternal 'subclinical (compensated) hypothyroidism' during pregnancy possibly plays an important role in the aetiopathogenesis of SED babies in Africans. A normal reference range for thyroid parameters at various stages of pregnancy in healthy African women is established for the first time.
INTRODUCTION
In normal human pregnancy, an increased serum concentration of T4-binding globulin (TBG) results in changes in several parameters of thyroid function (1) . In earlier studies with equilibrium dialysis which is a standard reference method for measuring free hormones, the serum concentration of free thyroxine (FT4) during pregnancy has been reported decreased (2) , normal (3) and increased (4) . Similarly, the serum free thyroxine index (FT41) was found to be normal (5) or high (6) in pregnancy. Serum ratio ofT 4 to TBG (T4/ TBG) was similarly reported to be either normal or high (6) . Based on the results obtained using commercial test kits serum FT 4 levels have been found to remain either low or normal in women with normal pregnancy (7) (8) (9) (10) . The proportion of FT 3 (free triiodothyronine) is also reportedly increased (1 1) but there is some evidence that FT 3 levels fall below normal and remain low until term (11) . Recent studies have shown that there is a mild rise in serum free T 4 level in early pregnancy and this has been attributed to the early surge in HCG during pregnancy (12) (13) (14) (15) . The changes in serum TSH levels have not been widely studied during pregnancy but have been reported to vary from normal (16) to slightly elevated levels (11, 12) . Studies carried out so far in this regard were largely confined to the populations of white north Americans, Caucasians. Asians and Australians. Very little information is available with respect to the vadation of thyroid function parameters in African women with progressive pregnancy. It is interesting,to note in this regard that the normal serum TBG levels in some black African communities have been reported to be higher than their Caucasian counterpart (17) (18) (19) (20) . The present study examines the pattern of changes in thyroid function profile during progressive pregnancy and postnatal period in African women living in an iodine deficient (ID) region of Plateau state, Nigeria. An estimated 1/5 th of the world population (nearly 1 billion) are currently reported to be at risk of ID and its consequences (21) .
MATERIALS AND METHODS
Thirty two pregnant Nigerian women (age range 16-36 years) attending the ante-natal clinic (ANC) of Jos University Teaching Hospital, Jos, Nigeria were assessed serially in a follow up manner through first (12-16 weeks) second (24-28 weeks), and third (32-36 weeks) trimesters, up to the delivery. Five women were further seen at 6 weeks post partum. The women who delivered at the completion of term pregnancy (40 weeks of gestation) only were included in this study. Women delivering premature babies (<40 weeks) were excluded, and their serum thyroid profiles determined were not included in this study Our previous studies (22) (23) (24) (25) (22, 24) and an increased hardness of water (Ca +* and Mg + § and CO3-) (22, 23) while Jos metropolis, the state capital, is a relatively iodine sufficient zone (GP 0.4% in school children, <:5% in adults (22, 23) ; UIE 153.4+_75 pg/I in children; DWI 0.041 ppm: urinary SCN-150+_52 mg/dl in children (24) and a relatively less amount of Ca**, Mg * § and CO3--in the water (23, 25) . Out of a total of 32 women assessed, 9 were residents of Jos and 23 were from the Jengere locality of Bassa region (about 50 km away from Jos), from where they were coming to attend ANC in Jos. Some notable common features seen frequently in pregnant African women such as malaria, sickle cell disease and trait, malnutrition, hypertension, venereal disease, anaemias of different proportion and alcohol and smoking habits etc. (26) were ruled out while selecting the subjects for the present study through appropriate clinical and laboratory examinations, which are conducted routinely on the women attending ANC. About 10 ml of blood was collected from, the subjects at the respective trimesters and at 6 weeks post delivery period. The unhaemolysed serum samples separated through centrifugation (5000 x g) were subjected to the measurement of various thyroid function parameters by 'ELISA' technique. The use of this technique has been reported by us in our previous studies (18, 22) .
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The measurement included thyroxine (T4), triiodothyronine (T3), thyroid stimulating hormone (TSH), thyroxine binding gIobulin (TBG) and thyroxine binding capacity (TBK). Serum TBK reflects the binding capacity of TBG molecules with T4 (Boehringer). The serum level of free thyroxine index (FT41) was determined by dividing the serum values for T 4 with those of TBK (T4tTBK = FT41 ) (27) . Similarly, the serum T4/TBG quotient was determined arithmetically and the results multiplied by 10 (as per Sl unit).
The commercial test kits used in these assays were obtained from the manufacturer 'Boehringer Mannheim Immuno-diagnostica' Mannheim, Germany (27) . The samples were run in batches and the accuracy of the results were monitored by the inclusion of international control serum sample 'Precinorm U' (also supplied by the same manufacturer) in each batch of the sample analysis.
The intra and interbatch variation (imprecision) was less than 8% CV. Serum total protein and albumin levels were measured at I st trimester by standard Biuret and dye-binding BromoCresol (BCG) methods (22) respectively to eliminate the cases of malnutrition. Urinary iodide level was measured in 32 urinary samples obtained at delivery by standard 'ceric ion-arsenous ion' method (22) to detect the degree of iodine deficiency. The results obtained were compared with those observed at the various stages of pregnancy and post partum periods (in which the subjects themselves were used as control) as well as with those obtained from a group of 44 non-pregnant normal Nigerian women (age range 17-38 years) taken as a second control. In addition, the Birth weight (BW) of a total of 5555 term babies born in Bassa (1196) and in Jos (4359) regions were analysed to determine their distribution pattern, and the prevalence rate of 'small for dates' (SFD) babies (i_e. babies born with BW <2.5 kg at term) (26) in the local population. Except for UIE, all the results were found to have normal 'Gaussian' distribution and therefore student "t" test was employed to determine the degree of significance between the groups. For UIE a Mann-Whitney U test was performed. The 'p' values less than 0.05 were considered significant.
RESULTS
The results of the present investigation are outlined in Tables 1 and 2 , and in Figs 1-3.
The mean serum level of T 4 was found to be progressively raised through 1st trimester (p<.005 vs non-pregnant control), 2 nd trimester (p<.01 vs I st trimester) and 3 ra trimester (p<.05 vs 2 n~ trimester). The level then began to decline through delivery (p<.01 vs non-pregnancy), reaching close to the nonpregnant level (94.6+17.1 nmolll) at 6 weeks post delivery (Fig 1) . Serum T 3 also showed a similar progressive rise but with less dramatic variation (see Fig 1) . During the entire course of pregnancy, the mean serum TSH level was found to be virtually unchanged except at 6 weeks post delivery where it showed a significant rise (mean 4.92• mU/I; p< .05) compared to the non-pregnant level (mean 2.27• mU/I).
Serum TBG, similarly, showed a progressive rise through 1 st, 2 nd and 3 rd trimester (mean 513• nmol/I) when compared to the level seen in nonpregnant group (mean 292.3• nmoltl). At post delivery the level dropped drastically to a mean value of 305+96.4 nmol/I. Although the level of serum TBK was found to be progressively elevated through pregnancy reaching a peak at 3rd trimester (see Table  1 and Fig 1) , the elevation seen was, however, not proportionate to that seen for TBG or T 4 levels. The free thyroxine index (FT41 = TJTBK) was, therefore, elevated very significantly, particularly around 3 rd trimester (mean 123• p<.01 vs 1 st trimester) compared to that in non-pregnant control group (mean 91. 4 • Eleven subjects (34%) at this point even showed values outside the upper limit of the normal non-pregnant range (47. . In contrast, the serum Values in the brackets indicate the results derived from the normal mothers with normal babies.
T4/TBG ratio was found to be virtually unchanged throughout the entire course of pregnancy (see Table  1 and Fig. 1 ). Serum T3/T 4 ratio also did not show any significant change throughout (see Fig 1) . Table 2 shows that the level of serum T 4, FT41, T4/TBG ratio and T 3 were all significantly depressed at I st trimester (p<0.02), 2 nd trimester (p<0.001), 3 rd trimester (p<0.001) and at delivery (p<0.01) to a lownormal range in the group of 5 mothers delivering 'SFD' babies, in comparison to the corresponding mean and range values seen in the respective stages of pregnancy in the normal group of 27 mothers carrying normal babies (Fig 2) . Serum TSH in 'SFD' group was in contrast, significantly elevated (p<0.001) at 2 nd and 3 rd trimesters and at delivery, showing mean We therefore, believe that with the advancing pregnancy and particularly around 3 rd trimester, the binding of T 4 with the rising TBG molecules is significantly disturbed by the presence of some unknown metabolites arising from the pregnancy, which can displace and bind T 4 molecules (competitively or otherwise) from the rising TBG molecules. The displaced and bound-T 4 moiety, thus becomes physiologically ineffective. This would, therefore, cause a less proportionate rise in the level of serum TBK in comparison to the marked rise seen in TBG level as has been observed in the present study (see Table 1 and Fig. 1 ). This displacement phenomenon, therefore, tends to constitute a rise in serum free thyroxine index level (measured as T4/ TBK=FT41 ) in the pregnant women of the present investigation without causing any clinical hyperthyroidism.
values outside the upper normal timit seen in nonpregnant women (0.5 -5 mUll) ( Table 2 and Fig. 2 ). Mean UIE in 'SFD' group was significantly lower (p<0.001) than that in normal group of women.
DISCUSSION
Previous pregnancy studies carried out among Africans were largely limited to the evaluation of thyroid function at delivery stage (maternal -neonate) only (28) . tn the present investigation we provide a thyrometabolic study during advancing pregnancy and post natal period among African women. In recent studies carried out among British, Asians (Japanese) and white north Americans (12-16) a mild rise in serum FT 4 level has been reported during early pregnancy, and this has been attributed to the early surge in chorionic gonadotrophin seen aroundthe period which is believed to possess some thyrotropic activity. The TSH level has also been found to be suppressed during this period (29) . By contrast, in the present investigation we have failed to observe this phenomenon in African women with uncomplicated pregnancy. Rather, we found a very significant rise in free thyroxine index (FT41 = T4/TBK) at 3 rd trimester; 34% of the subjects assessed showing level outside the normal range (47. . The serum T4/'TBG ratio, is useful marker of thyroid status during pregnancy, however, did not show any rise at this stage in the Our study further shows that out of 32 women assessed 5 (15.6%) delivered 'SFD' babies at term, with a mean BW of 2.3+0.11 kg. Mothers carrying these babies, in a retrospective look, showed significant depression in serum T4/TBG (best indicator of thyroid status during pregnancy in the absence of FT4), FT41, T 4 and T 3 levels to a low-normal range, in association with a mild but significantly (p<0.001) elevated TSH level (reaching above the upper normal limit) at the various stages of pregnancy, in comparison to the corresponding mean and range values seen at the corresponding stages of the pregnancy in the rest of 27 normal mothers with normal babies (mean BW of babies 3.8+0.26 kg) (see Table 2 and Fig 2) . The UIE in these 5 women were significantly reduced (mean 79+24 pg/I; p<0.001) compared to the level seen in the 27 normal pregnant women with normal babies (mean 188+39 pg/I), suggesting that the women with 'SFD' babies in the present investigation were iodine deficient and were in a state of 'subclinical or compensated hypothyroidism'. In one of our earlier related studies we found a significant number of pregnant women from the iodine deficient Bassa region of the state (the present study area) in a 'compensated hypothyroid state' with reduced UIE (22 Fig. 3 ). This BW analytical study was hospital based, and the subjects studied belonged to the similar socio-economic and nutritional groups (without any selection bias) for both the Bassa and Jos regions. The incidence of 'SFD' babies, in this assessment, was found to be 15.2% (182/1196) in Bassa and 9.8% (427/4359) in Jos, confirming the earlier reported incidence (of 10.6% in Jos) obtained by previous workers (31).
These observations tend to suggest that there is a possibility that apart from the various established maternal causes of 'SFD' babies in a population (26) e.g. maternal infection notably malaria, sickle cell disease, asthma,malnutrition,anaemias,hypertension, syphilis, smoking habits and alcohol consumption (all of which were excluded from the subjects of the present investigation),a prolonged state of maternal 'compensated hypothyroidism' during pregnancy due to environmental iodine deficiency (EID) is, probably, an additional likely factor associated with the genesis of 'SFD' babies in African population. It is significant in this regard that currently about 1 billion people globally are reported to be at risk of iodine deficiency disorders (IDD); most of them being from developing countries where the incidence of 'SFD' babies is notably high. In Africa over 230 million are reported to be affected with IDD (21).
It is further suggested that in evaluating thyroid status during pregnancy in African countries where the laboratories are relatively less advanced and therefore the measurement of serum free-T 4 is not frequently possible, in addition to measuring serum TSH level, one should measure serum T4/TBG ratio in preference to FT41 ( which is virtually useless as thyroid indicator during pregnancy in Africans). Reference ranges for each thyroid parameter should be established at the corresponding stages of pregnancy for more accurate evaluation, as detailed in Table 2 . To our knowledge this is the first report of normal reference range values of thyroid parameters at the various stages of pregnancy in healthy Africans. This may eventually serve as an important base-line for effective comparison of 'groups' during pregnancy among Africans. Furthermore, UIE should be measured routinely as a screening procedure for detection of possible iodine deficiency in all the pregnant women attending Antenatal clinic (ANC), especially in developing (tropical) countries since the level of
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urinary iodide excretion is easier to measure and involves less expense and cost as compared to the determination of serum T4/TBG ratio which is by far more expensive and cumbersome in the IDD affected regions of the third world countries. Women showing UIE level less than 100 pgll should be identified as potential 'iodine deficient group' and the babies born from such women are more prone to develop irreversible brain and physical damage including deaf mutism, spastic diplegia, neurological cretinism, low I.Q with mental and physical growth retardation and congenital hypothyroidism (32) . Such women therefore need to to be given preventive iodine supplementation during the critical antenatal period in the form of; i) iodized salt ,or ii) iodized oral capsuleeach capsule containing 200 mg of iodine in the form of poppyseed iodized oil (lipiodol, made by Laboratoire Guerbet, France) capable of protecting from ID for 1 year, and or iii) iodized oil injection (lipiodol injection, France) 1 ml containing 480 mg of iodine and a single injection providing protection for 3 years (21).
